The Integrated Agricultural Production Systems (IAPS) under No-Tillage System (NTS), add values to grain production and to livestock activity over the year, besides providing reestablishment of degraded areas. The objective of this work was to evaluate the production costs and profitability of the irrigated corn crop, intercropped or not with Urochloa brizantha cv. ) in broadcast and (c) grass without fertilization or inoculation. The inputs were the most expensive components in corn production. In the intercropping treatments, where the grass was destined for silage, the profitability indexes were positive, enabling the system regardless of Azospirillum brasilense inoculation.
Introduction
Considered the most important cereal in the world, especially because it is part of the raw material of the animal industry, corn crop continues to expand world-wide due to increasing investments in technology. Currently, the Brazilian production has a cropped area of over 5 million hectares (2017/18 harvest) and an estimated production over more 26 million hectares (CONAB, 2018) .
Among other factors, the progress in the production of the crop is due to the remarkable increase in the occupation of the areas with No-tillage System. Out of 96 million hectares produced worldwide, over 30 million hectares are cultivated only in Brazil (FEBRAPDP, 2012) .
Because of the need for a larger financial return to the producer, the use of intercropping in grain crops with forage species for the reestablishment of degraded areas and/or pasture recovery, since when properly managed in amended soils, grass crops amortizes the costs by forming, recovering and fertilizing the pastures.
The limited edaphoclimatic conditions, especially in the Cerrado region, means that there is a shortage of forage during the winter, which is characterized by low temperatures and rainfall, therefore, the farmers have to store food of better nutritional value in the form of silage, assuring good quality food for the animals during this period (Costa et al., 2015) . . Irrigation was applied whenever maximum evapotranspiration of the crop (ETm) reached 7.43 and 5.11 mm for the respective crops (less than 44.3% of the AWC). The ETm was estimated using the following equation:
Experi
Where, Kc is the crop coefficient; and ETo is the reference evapotranspiration.
ETo was estimated using the following equation:
Where, Kp is the coefficient of the Class A pan; and CAE is the class A evaporation pan (mm day -1 ). Measurement of water evaporation (mm) was obtained daily from a Class A pan. The Kp was calculated as proposed by Doorenbos and Pruitt (1977) , based on the surrounding area, wind speed and air relative humidity.
Before the experiment set up, soil samples from the 0-0.10 and 0.10-0.20 m depth layers were collected for chemical characterization (van RAIJ et al., 2001) , where the following results were achieved: 18 mg dm -3 P (resin); 20 g dm -3 O.M.; 4.9 pH (CaCl 2 ); 3.5; 17.0;15.0 and 38.0 mmolc dm -3 K, Ca, Mg and H+Al, respectively; 39.0 and 76.8 mmolc dm -3 BS and CEC; V 49% and 2 m%. As a result of soil analysis, 30 days prior to crop sowing, liming was applied (PRNT 85%, 32% CaO and 18% MgO) in total area, with no incorporation aiming at rising base saturation by 70 %.
Before the experiment set up (October 2014), the counting of diazotrophic microorganisms in the soil was carried out to determine the bacterial population in number of cells per mL, performed by the "Most Likely Number" (MLN) estimate using the MacCrady table in the semi-solid NFB medium (Azospirillum brasilense) according to methodology described by Döbereiner, Baldani, and Baldani (1995) , where the value of 9.0 × 10 8 cells g -1 was achieved.
The experimental design used in the first experiment was the randomized block, with four replications and six treatments, as follows: corn in single crop with inoculated seeds; corn in single crop without inoculated seeds; corn + marandu grass (intercropping) without inoculation; corn + marandu grass (intercropping) with inoculation in both seeds; maize + marandu grass (intercropping) with corn seeds inoculation and corn + marandu grass (intercropping) with inoculation of grass seeds. Each experimental unit consisted of 3.4 m in width and 20 m in length, totaling 68 m 2 . In the second experiment, the experimental units were allocated in the same place of the first year, the experimental design was a randomized block design, with four replications and three treatments, as follows: Marandu grass with no application of Azospirillum brasilense inoculum or nitrogen fertilization (control); Marandu grass with application of Azospirillum brasilense inoculant via leaves after the cut, at the dose of 250 mL in a volume of 200 L ha -1 and Marandu grass with nitrogen fertilization (50 kg ha -1 of N-urea, totaling 200 kg of N ha -1 year -1 at the end of the four cuts, at intervals of 30 to 48 days each), in both harvests. Each unit originated from the subdivision of the experimental units of the first experiment that contained the grass from the intercropping with corn, which were constituted by 3.4 m in width and 6 m in length, making a total of 20.4 m 2 , with a floor area of 13.6 m 2 .
Prior to the installation of the experiment, for both harvests, the plants present in the experimental area were desiccated, aiming at the eradication of weeds and straw formation for continuity of the NTS, using the herbicide Glyphosate (1.44 kg ha -1 of active ingredient (a.i.)) and subsequent mechanical management by using a horizontal plant residue crusher (Triton).
At sowing of the respective crops, 2014/15 and 2015/16, seeds of corn and marandu grass were inoculated or not with diazotrophic bacterium Azospirillum brasilense (strains Ab-V5 and Ab-V6) supplied by Total AZO liquid inoculant (Embrapa) at the dose of 100 mL/25 kg of seeds. The inoculation occurred just before sowing and in the shade. Vol. 11, No. 3; 2019 In both harvests, forage (Urochloa brizantha cv. Marandu) seeding was performed sequentially to crop, using another seed-fertilizer, with a mismatched double-disk type furrow mechanism for NTS, where the seeds were put in the fertilizer compartment in the sower and deposited at a depth of 0.06 m, at a spacing of 0.17 m, using approximately 7 kg ha -1 of viable pure seeds (CV = 70%) for the marandu grass. As a result, grass seeds were below the corn seeds, following the recommendations of Kluthcouski et al. (2000) with the objective of delaying the emergence of the grass in relation to the grain-producing crop and decrease the likely competition between the species in the early development period of the crops.
According to the results of soil analysis in both cropping years, respectively, sowing mineral fertilization was carried out in grain-producing crop following the results of the soil analysis. So, 300 kg ha -1 of the 08-28-16 formulated (24 kg ha -1 N, 84 kg ha -1 P 2 O 5 and 48 kg ha -1 K 2 O, respectively) were used.
As the corn crop reached the V6 phenological stage (six fully developed leaves), following the recommendations of van Raij and Cantarella (1997) , the topdressing fertilization was carried out by applying manually, near the corn rows, the dose of 120 kg ha -1 of N-as ammonium sulfate. Corn crop cycles for grain production were 140 and 120 days after emergence (DAE), in the 1 st and 2 nd years, respectively.
After crop harvesting in the respective harvests, grass productivity (4 cuts) was evaluated by using a 1.0 × 1.0-m metal square at a cut height of 0.30 m in each of the samples, where the cut material was taken to the air forced ventilation oven at 65 ºC for 72 h, for the quantification of the total dry matter production extrapolated to kg ha -1 .
The costs per cultivation modality were estimated according to the methodology proposed by Matsunaga et al. (1976) , which is the sum of the direct costing expenses: operations performed, inputs (liming, fertilizers, seeds and chemicals), labor, machinery and irrigation, denominated effective operational cost (EOC). For the calculation of indirect expenses, depreciation was considered by the linear method as a function of the ratio of the amount of fixed capital invested in the activity and the average useful life, financial charges, corresponding to 5.5% per year over 50% of EOC, as well as other operating expenses (5% of EOC), resulting in total operating cost (TCO).
For the calculation of the profitability indicators, the methodology of Martin et al. (1998) was used. So, gross income (RB), operating profit (OP) and profitability index (PI) were calculated. For elaboration of production costs of each treatment as well as profitability indicators, the prices paid for the products in 2015 and 2016 (Agrianual, 2015 (Agrianual, , 2016 were considered.
The income of each treatment was obtained considering the productivities (Table 2) Gross incomes of corn and marandu grass were estimated by the average productivity obtained in each treatment, multiplying it by the price paid to the producers and adding to the revenues of the two crops performed over the years.
Results and Discussion
The operational costs (operations and inputs) recorded in the experiment, in both harvests, to obtain the economic performance of the evaluated production systems were extrapolated to one hectare (Table 1) . This TOC structure model was used in both harvests, including the establishment of the intercropping and management of the forage species during the off-season in the IAPS. It was verified that the most expensive corn production material in the two harvests were harvesting followed by irrigation of the area and sowing of the grass, totaling, on average, 8.6%, 4.03% and 2.62% of EOC described in Table 1 .
The input expenses, mainly for fertilizers (53.80% of TOC) and corn seeds (11.20 TOC), were the most expensive components in the production systems analyzed in the first harvest (Table 1) . Regarding corn seeds, it is justified because of its high technological level and also because in the first crop it was a simple hybrid (DKB 390 YG) with a high market value. It should be noted that the initial investment with liming was considered only for this harvest, following the recommendations of van Raij and Cantarella (1997) , which raised the initial costs with the implementation of the production systems.
(38.52% of the TOC, on average). These price oscillations over the years may influence the economic results of the productive systems, due to the high nutritional requirement of the grain-producing crop and forage intercropping in order to achieve high yields of corn and grass in the off season.
It should also be noted that the use of herbicides, normally used in single maize crops, was not necessary because in the intercropping of grass with the forage, the inhibition of the emergence or even the development of weeds depending on the cover species and the amount of straw that will be left on the ground may occur. Thus, this control of weeds occurs due to allelopathic activity and/or physical barrier formation of the straw, which prevents the survival of seeds germinated on the soil surface (Gomes Junior & Christoffoleti, 2008) , which will result in savings to the producer.
Operating costs represented only 21.47% of the TOC in the first harvest and 21.59% of the TOC in the second harvest, even in the absence of liming. Out of those, costs with the harvest were the most representative, 39.95% in both harvests. Another operation that rise the costs of the system is mechanical irrigation, which represented 17.81% of the expenses in operations, however, this is an expense that can be reduced, according to the edaphoclimatic conditions of the evaluation periods. Table 2 shows the two evaluated harvests and off-season harvests, the dry mass yield (DMY) of the marandu grass after intercropped with corn, the yield values in sacks ha -1 of corn, the COTs for each production system of grains and forage as well as the gross income (GI), operating income (OI) and profitability (PI).
It was found that among the production systems, the largest TOC in both harvests were provided by the corn with inoculated seeds intercropped with Urochloa with no inoculation or the inverse, corn with no inoculation intercropped with inoculated Urochloa, with a cost of production that ranged from R$ 3.857.23 to R$ 3.835.14, respectively for 2014/15 and 2015/16 (Tables 3) and the lowest costs were for single corn systems, regardless of inoculation.
In addition, the work depicts high technological production systems, with fertilization and correction of soil fertility followed the crop requirements and mechanized irrigation, which justifies high TOC. It can be noted that the 12-year history of NTS probably resulted in greater accumulation of straw, carbon, organic phosphorus on the soil surface, as well as lower immobilization of N, resulting in an enhancing in the soil physical and chemical attributes.
Grain yield was not affected by the intercropping, demonstrating that the competition among the intercropping species did not influence the productivity of these production systems. In several cases, researchers have reported that the presence of forage did not influence corn grain yield, neither (Pariz et al., 2009; Garcia et al., 2012; Costa et al., 2015; Kaneko et al., 2016) . However, in some cases, the application of nicosulfuron herbicide at sub-doses was needed to reduce forage growth, as a way to guarantee the full development of corn, which did not occur in the present work, as already mentioned.
From the revenue and cost of production (Table 1) , the economic profitability of corn production systems was analyzed by the revenue/cost ratio (Table 2) . For the forage, the average price adopted in the region of this work was R$ 120.00 per ton, in both years.
The 2014/2015 harvest was influenced by high temperatures in the most critical phase of the corn crop, which is the grain filling phase (Figure 1) , where the temperature exceeded 38 ºC, explaining the low productivity even in irrigated areas. With the lower development of the corn plant, the forage stood out, as it can be seen in Table 3 . In addition, Azospirillum species are known to produce growth promoting substances, such as auxins, gibberellins and cytokinins, promoting a more intense growth (Bashan & De-Bashan, 2010) of the plants, resulting in a greater absorption and accumulation of nutrients.
It is likely that in the 2015/16 harvest, the corn crop had benefited from the residual effect of the previous year. The intercropping using a C4 forage species allows a greater coverage of the soil surface, therefore, Urochloa stands out because it is a species whose development of the aerial part allows the total coverage of the soil, protecting it from the erosive effect of the direct impact of the rain drops, minimizing the artificial sealing (Santos et al., 2014) , besides contributing to the physical, chemical and microbiological attributes of the soil.
Gross income (GI) is directly related to productivity and average prices received by producers and was considered satisfactory for intercropping treatments. However, operating profit (OP) measures profitability in the short term, and presented positive results only for the intercropping treatments, in the first harvest, ranging from R$ 113.58 to R$ 1317.19. In the second harvest, OP was positive in both systems, regardless of presence or absence of inoculation, ranging from R$ 2669.43 to R$ 5698.67.
The profitability index (PI), that is, the available rate of gross revenue that constitutes profitability, after payment of all operating costs (Martin et al., 1998) , as well as OP, was positive in the intercropping systems, in the first year the value of 25.6% and in the second year 59.77%. This average difference of 34.21% is due to the variables in the climatic conditions between the years (Figure 1 ) that resulted in higher corn production in the second harvest, thus raising the profitability index, as well as the higher commercialization price of the corn sacks, proving the importance of correct system, with the adoption of conservation practices of soil management and use of technologies and management of the system, are responsible for the economic results in the evaluated systems.
The highest PI for the treatment without inoculation may be related to the history of the area within 12 years in NTS which, according to Klutchcouski and Aidar (2003) , presents a tendency over time to accumulate nutrients in the profile explored by the roots, making the response to macro and micronutrient fertilization less frequent.
The introduction of NTS in Integrated Systems such as the one used in this study (corn intercropped with Urochloa consortium) reduces the costs of implementing the system by 10 to 25% (Trecenti, Oliveira, & Hass, 2008) , which makes IAPS highly suitable for generating rural property sustainability with a financial return, especially to small farmers. --kg ha -1 ----60 kg ---------------------------R$ -----------------------------% ----- Note. U = Urochloa, I = Inoculated.
----60 kg ---------------------------R$ -----------------------------% -----
Given the benefits of the use of IAPS under NTS, it is necessary to pre-plan the activities on the property, from the choice of crops of interest suitable for the region and climate, based on climatic zoning, soil type, forage species purpose (straw, pasture or silage) and the market demand in that region. Thus, further studies are needed to evaluate the system as a whole, establishing the logistic aspects and limitations of each system, aiming for profitability and sustainability throughout the production chain.
Conclusions
Corn crop for grain production is profitable when intercropped with Marandu grass, regardless of whether or not it is inoculated with Azospirillum brasilense. In addition, it can be used to recover degraded areas, both for grain production and grass silage in the off-season harvest.
Despite the larger total operating cost, the intercropping systems provide a greater profitability index, especially in favorable climatic conditions to corn, due to higher grain yield, amortizing the production costs of the system and providing grass input to silage.
